ICT are 4.500 million 
years old 
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Carbon footprint of wireless ICT networks 


Between 
81 and 103 kg CO2 eq./subscription/year 


Qa 1elm~ 22 kg CO,.. /year ~2kg COs /month ~60g CO} 64 /day 
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Costs associated with the ICT life cycle: 


Manufacture 
Use 
End-of-life 


Costs associated with the ICT life cycle: 


Manufacture 
Use 
End-of-life 
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TT The 90 natural elements that make up everything 
a iver’? 


How much is there? Is that enough? 
United Nations International Year 
Educational, Scientific and . of the Periodic Table 
O Cultural Organization 


+ of Chemical Elements 


Serious NM] Rising threat Limited Plentiful From conflict Elements 
aegypti Synthetic . fe 
threat in the from | availability, Supply L__ minerals usedina 
next 100 years increased use future risk to 
supply 


smart phone 


OO 


This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND 


Read more and play the video game http://bit.ly/euchems-pt 
@evavidaleva 
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Production in Metric Tons 


And China is now prioritizing its own industries and market 


Rare Earth Oxide Equivalent 
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https://geology.com/articles/rare-earth-elements/ 
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https://www.businessinsider.com/pho 
tos-of-chinese-rare-earth-mining-201 
3-4? 0p=1#china-accounts-for-about- 
97-percent-of-the-worlds-supply-of-ra 
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Rare earth mining in China: the bleak 
social and environmental costs 


China produces 85% of global supply of the 17 chemically 
similar elements crucial to smartphone, camera lens and 
magnet manufacture - and half that output is from the city of 
Baotou 


https://www.theguardian 

.com/sustainable-busine 

ss/rare-earth-mining-chi 

na-social-environmental- Sk, ee 

costs © A worker pours rare earth metal Lanthanum into a mould near the town of Damao, in China's 
Inner Mongolia Autonomous Region. Photograph: David Gray/REUTERS 
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Refining one ton of rare earth elements 
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75,000 liters of acidic water and 
one ton of radioactive residue 


Embodied energu 


Carbon footprint 


13-inch MacBook Air 


with Retina display 
1.6GHz Processor with 176 kg COze 
be} 
128GB Storage 77% 
17% 
1.6GHz Processor with 198 kg COze 6% 
256GB Storage . 
<1% 


13-inch MacBook Air with Retina display 
life cycle carbon emissions 


Production 


Transport 
Use 
End-of-life processing 
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3 Greenhouse gas emissions were calculated using a life cycle assessment methodology in accordance with ISO 
14040 and 14044 standards and based on the iPhone 11 64GB memory configuration. 


Carbon footprint 
Configuration iPhone 11 
iPhone 11 life cycle 
79% Production 
128GB 77 kg COze 3% ‘Transport 
17% Use 
256GB 89 kg CO2e <1% __ End-of-life processing 
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Why is so energetically 
costly to manufacture 
an IC? 
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e Second Law 
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& Get hourly historical, live, and forecast data with Electricity Maps API 


Origin of electricity in the last 24 hours 
&, Get hourly historical, live. and forecast data with Electricity Maps API 
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We also have 
good news: 
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GOOD NEWS: Koomey’s law 


Energy efficiency of computing has doubled roughly 
every 1.6 years since the 1940s - and every 2.7 years 
since 2000. 


In data transmission networks, energy intensity has 
halved every two years since 2000. 
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Exposure to high concentrations causes Selenosis, 
which can cause hair-loss, nail brittleness, and 
neurological abnormalities (i.g. numbness and 
other odd sensations in the extremities).'” 


Exposure can cause lunch cancer and chronic 
Beryllium disease. Symptoms of chronic beryl- 
lium disease include: breathing difficulties, 
coughing, chest pain, and general weakness. 


Lead exposure can cause brain damage, 
nervous system damage, blood 
disorders, kidney damage, and damage to 
fetal development. Children are 
especially vulnerable. 


Exposure through ingestion or inhalation can 
cause central nervous system damage and kidney 
damage." 


Exposure can cause strong allergic reaction 
(linked to Asthmatic Bronchitis) and DNA damage 
to cells. Workers are exposed at disposal stage 
and Chromium (IV) can also be released into the 
environment from landfills and incineration." 


PVC is the mast used plastic, found in 
everyday electronics. When bumed it pro- 
duces large quantities of hydrogen chloride 
gas, which combines with water to form 
hydrochloric acid (HCI). Inhaling HCI can 
cause respiratory problems. Production and 
incineration of PVC creates dioxins." 


Exposure may lead to brain swelling, mus- 
cle weakness, damage to heart, liver and 
spleen, or increased blood pressure." 


Long-term exposure may cause lung cancer, nerve 
damage and various skin diseases. Arsine gas 
(AsH3), used in tech manufacturing, is the most 
toxic form of arsenic." 


Exposure to TCE (depending on amount and route) 
can cause liver and kidney damage, impaired 
immune system function, impaired fetal develop- 
ment, or death. Manufacturing workers and com- 
munities where TCE leaches into drinking water 
are at greatest risk.” 


Suspected of hormonal interference (dam- 
age to growth and sexual development), and 
reproductive harm, BFRs are used to make 
materials more flame resistant. Exposure 
studies reveal BFRs in breast milk and blood 
of electronics workers, among others.‘ 


Long-term exposure to cadmium can cause kidney 
damage and damage to bone density. Cadmium is 
also a known carcinogen. 


Toxic effects of PCBs include immune sup- 
pression, liver damage, cancer promotion, 
nervous damage, reproductive damage 
{both male and female), and behavioral 
changes. PCBs were widely used (prior to 
1980) in transformers and capacitors. 
Though banned in many countries, they 
are still present in e-waste.” 


skin disorders; liver problems; impairment of 
the immune system, the endocrine system 
and reproductive functions; effects on the 
developing nervous system and some types 
of cancers. 
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What can we do? 
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SAMSUNG SONY @ FAIRPHONE 
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#GreenerGuide 
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Monitoring Public Buyer Supply Chains 


©) Affiliated Public Buyers 
' Monitoring Partners 


Monitoring Activities: 
A Compliance Monitoring 

oO Worker Rights Complaint 
V Factory Risk Assessment 


Core Issues: 
@ Occupational health 


and safety ™" : 4 pe 


f2) Forced overtime 


(3) Restrictions on freedom 
of association 


C4} Low wages 
5) Discrimination 


C6} Violence and harassment 


Excessive contractual 
employment 


Cs} Migrant worker 
recruitment fees 


C9} Excessive working hours 


@® Threats against 
whistle-blowers 


@ Student internship 
violations 


(12) Restrictions on right 
to resign 


® Deceptive recruitment 


“9 Factory Risk Assessments carried out in China. 
One consisted of 71 suppliers. 
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electronicswatch.org 


CERTIFIED 


Guidance for purchasers 


A guide to sustainable 
IT purchasing with 
TCO Certified 


httos://tcocertified.com/step-by-step-quide-for-purchasers/ 


i pa ed ® 


Conflict Social Hazardous Electronic Circular 
minerals responsibility substances waste economy 


> LEARN MORE > LEARN MORE > LEARN MORE > LEARN MORE > LEARN MORE 
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So far... 
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Average life cycle in kgCO2-eq. 


oOPost 2010 
Smartphones 


kgCO,-eq 
3 


20 + 


10 
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Fig.2 Averaged life cycle phase distribution for smartphones made after 
2010 
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Fig. 5 GHG emissions across the life cycle of a smartphone (white) 
including contribution from a rack server (black), network (dots) and IP 


core network (diagonal hashing) AA 


Costs associated with the ICT life cycle: 


Manufacture 
Use 
End-of-life 


Trees to be planted to offset the pollution caused by: 


© 1.9 trillion yearly searches on Google: 16-10° trees 
° Data US citizens consumed in 2019: 231:10° trees 


© email soam: 1.610? trees 
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Netflix vs EU flights and EU cars 
Streaming 
on Netflix 


EU 
Flights 


EU 
Cars 
a | rs a 


Million tonnes CO2 


Fig. 6: The amount of CO2 emitted by Netflix, all EU cars and all EU flights, in one year. Sources: Netflix Media 
Center, European Environment Agency (2019), European Aviation Safety Agency (2016). 


@evpttidgdeVavww.core-econ.org/ itent/ ids/2019/07/Data-competition-selfie. pdf 
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The environmental 
costs of being 
selfiesh 


10 selfies vs 1 km of an EU car 


10 
Selfies 


https://www.core-econ.org/wp-content/uploads/2019/07/Data-competition-selfie. pdf 
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Expected case electricity usage (TWh) of Wireless Access Networks 2010- 
2030 
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Costs associated with the ICT life cycle: 


Manufacture 
Use 
End-of-life 
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R Reuse R 


Examples: 


Tecnologia x Tothom: https://txt.upc.edu/ 
Programa Reutilitza UPC: https://reutilitza.upc.edu/ca 


Labdoo: https://www.labdoo.org/ 
NascolCT: http://nascoict.org/ca/ 
Ereuse: https://www.ereuse.org/ 


tagged donated sanitized _—assigne n transit delivere 
= Me 
P na © ped we 
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Only a small part (<25%) is recycled 
The least dangerous 

But even the best garbage dumps can 

not avoid leaking heavy or poisonous 

elements 
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TROnTiC ? 


Ow Basel Convention on the Control of 
Transboundary Movements of 
Hazardous Wastes and Their Disposal 


THE ELECTRONIC WASTE TP” - 


The logo of the Basel Convention Secretariat 
Type United Nations treaty 
Signed 22 March 1989") 
Location Basel, Switzerland!" 
Effective 5 May 1992/1] 
Condition Ninety days after the ratification 


by at least 20 signatory states!"! 
Signatories 53!) 
Parties 186!) 


Depositary Secretary-General of the United 
Nations 


Languages Arabic, Chinese, English, French, 
Russian, Spanish 


@ Basel Convention at Wikisource 
http://www. basel.int/ 
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Children with health impairments by heavy metals in an e-waste ® ee 
recycling area 


Xiang Zeng *":*, Xijin Xu *“, H.Marike Boezen ”“, Xia Huo ©" 


* Laboratory of Environmental Medicine and Developmental Toxicology, and Guangdong Provincial Key Laboratory of infectious Diseases and Molecular 
Immunopathology, Shantou University Medical College, Shantou University, 22 Xinling Koad, Shantou 515041, China 

° Department of Epidemiology, University Medical Center Groningen, University of Groningen, | Hanzeplein, Groningen 9700RB, The Netherlands 

* Groningen Research Institute for Asthma and COPD (GRIAC), University Medical Center Groningen, University of Groningen, 1 Hanzeplein, Groningen 
97OORB, The Netherlands 

* Department of Cell Biology and Genetics, Shantou University Medical College, Shantou University, 22 Xinling Road, Shantou 515041, China 

* School of Environment, Guangzhou Key Laboratory of Environmental Exposure and Health, Guangdong Key Laboratory of Environmental Pollution and 
Health, Jinan University, Guangzhou 510632, China 


Heavy Metal Exposure Children Organs and Tissues 


Respiratory system 


Cardiovascular system 
Nervous system 
SS ‘ | ——p it Immune system 
Reproductive system 
Skeletal system 


Urinary system 


ad 
Cadmium 


Manganese 


E-waste 


recycling can be a 
business! 


URBAN MINING 
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Materials Daisy has the 
potential to recover for every 
100,000 iPhone devices: 


Aluminum 1900 kg 
Gold 0.97 kg 
Silver 7.5 kg 

Rare Earths 11 kg 
Tungsten 93 kg 
Copper 710 kg 
Palladium 0.10 kg 
Tin 42 kg 

Cobalt 770 kg 
Tantalum 1.8 kg 
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How to address sustainability 


Reduce Reuse Recycle: RRR 


R: Rethink!!! 
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“Te orometo un movil mds barato" 


Economia Circular: descubre lo que es antes de que 
reviente el Planeta. #EconomiaCircular 
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What can we do? 
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Precautionary principle 


The need for the decision-maker to 
anticipate the damage that an action can 
cause before it Occurs. 


Whoever proposes the action has to 
demonstrate that it will not cause harm or 
that it is very unlikely that it will cause it. 


The proportionality between risk and costs 
and feasibility of the proposed action. 


How to Rethink IT’s Business Model? 


1: Take Responsibility for the Supply Chain 
Footprint 


° Greater Transparency 

° Reduce Supply Chain GHG Emissions and 
Transition to Renewable Energy 

° Moving Beyond the Audit 
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2: Design Sustainable Products 


° Design for the Planet 
© Eliminate Hazardous Chemicals 
o Use Recycled and Recyclable Materials 


https://www.greenpeace.org/usa/reports/greener-electronics-2017/ 
@evavidaleva 
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3: Take Responsibility for End-of-Life Chain 


0 Refurbish Devices and Components 
° Strengthen Take-back Systems 
© Improve Recucling Technology 


What can we do? 


From the user point of view 
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https://www.greenpeace.org/usa/reports/greener-electronics-2017/ 
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Company Efforts To Reduce Supply 
Chain GHG Emissions and Use 
Renewable Energy. 


F D B 


SAMSUNG SONY @ FAIRPHONE 


SPPO ) WH wawe Lenovo 
VIVO fSUuS Be Microsoft 
ml acer (xu) 


amazon Google 


#GreenerGuide 
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Tech Company Climate Commitments Comparison 


Company 2018 Carbon Renewable Fossil Fuel Relianton | Supply Chain | AI for Oil 
Footprint Energy Match- Phase Out Unbundled Emission Re- | Contracts? 
(MtCO2e) ing Deadline Deadline RECredits? | duction goal? 


‘Amazon has not stated that it will match its data center energy demand with real and additional renewable energy projects, and 
to-date has in part used lower-impact renewable energy credits to make its RE claims. 


While Google has no public deadline, it aims to power its data centers with carbon-free energy 24x7, 


™ Google stated it will no longer develop custom Al/ML solutions to facilitate upstream extraction. 


@evavidaleva httos://www.greenpeace.org/usa/reports/oil-in-the-cloud/ 
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Good News 
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In 2030, using Al for climate 
control could help reduce 


2.6 to 5.3 


gigatons 


of GHG emissions, 
or 5% to 10% of 
the total 


Source: BCG analysis. 


@evaVesrere 


and could provide 


$1 trillion 


to 
$3 trillion 


in value added when 
applied to corporate 
sustainability generally 
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Monitoring Emissions. 
Predicting Emissions. 
Reducing Emissions. 


Selected opportunities to reduce GHG emissions in industry using ML 


| Design | } Sourcing Manufacturing Distribution 


3D printing Directing Optimizing Preventative Detecting Optimizing 
& generative purchasers factories for maintenance GHG emissians shipping routes 
fo low-GHG renewables 


options 


& preventing 
%, overstocking 
@q== a) 


Adaptive Streamlining Reducing 
control heating and transport of 
cooling perishables 


Improving 
quality 


inventing Optimizing 
clean materials supply chains 


and catalysts : 
eal 
ot | a 


Rolnick, David, et al. "Tackling climate change 
with machine learning." ACM Computing Surveys 


puccadsiecs (CSUR) 55.2 (2022): 1-96. 
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And a lot more of good news! © 


A sustainable future is one in which a 
healthy environment, 
economic prosperity, 

and social justice 


are pursued simultaneously to ensure 
the well-being and quality of life of 
oresent and future generations. 


iGracies! 

éAlguna pregunta? 
@evavidaleva 
eva.vidal@upc.edu 


